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METHOD OF MEASURING BLOOD
COAGULATION TIME TO DETECT LUPUS
ANTICOAGULANTS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a 35 U.S.C. § 371 national stage

patent application of International patent application PCT/
IP2012/065434, filed on Jun. 15, 2012, published as

W0O/2012/173260 on Dec. 20, 2012, the text of which 1s
incorporated by reference, and claims the benefit of the filing
date of Japanese application no. 2011-135174, filed on Jun.
20, 2011, the text of which 1s also incorporated by reference.

TECHNICAL FIELD

The present invention relates to a method of measuring
the blood coagulation time of a blood sample to be tested for
the purpose of detecting lupus anticoagulant.

BACKGROUND ART

Measurement of the blood coagulation time 1s carried out
for the screening of the presence or absence of any abnor-
mality in the blood coagulation system, or for the measure-
ment of the activity of individual blood coagulation factors,
by measuring the time period starting from the time point at
which a reagent for blood coagulation time measurement
including an activating agent for blood coagulation factors
(heremaiter, may be simply referred to as activating agent)
and/or Ca>* and the like is added to a specimen blood or a
specimen blood mixture, to the time point at which detect-
able fibrin clots are formed (blood coagulation time; here-
inafter, may also be simply referred to as coagulation time.
Also, formation of fibrin clots may also be simply referred
to as coagulation). Typical examples of blood coagulation
tests include prothrombin time (PT), activated partial throm-
boplastin time (APTT), and thrombin time. Hereinaiter, in
the present specification, blood coagulation factors may be
simply referred to as coagulation factors.

PT 1s the time taken from the addition of a mixed liquid
of tissue thromboplastin and Ca’* to a test plasma, to the
occurrence ol coagulation, and this 1s intended to compre-
hensively examine the coagulation activities of factor VII,
factor X, factor V, prothrombin, fibrinogen, and the like that
are assoclated with the extrinsic pathway of coagulation.
Furthermore, APTT 1s the time taken from the addition of a
suilicient amount of phospholipids and an activating agent
(kaolin, anhydrous silicic acid, ellagic acid, or the like) and
an appropriate amount of Ca®* to a test plasma, to the
occurrence of coagulation, and this 1s intended to compre-
hensively examine the coagulation activity of factor XII,
tactor XI, prekallikrein, high molecular weight kininogen,
factor IX, factor VIII, factor X, factor V, prothrombin,
fibrinogen and the like, which are associated with the
intrinsic pathway of coagulation. In general, what 1s referred
to as abnormality 1n these blood coagulation tests refers to
the prolongation of the coagulation time. Abnormality in the
blood coagulation system retlects the signs or results of the
tendency to hemorrhage or the tendency to thrombosis
(tendency to blood coagulation) in the body.

Regarding the causes for the prolongation of the coagu-
lation time, the following can be considered: 1) deficiency or
a decrease 1n blood coagulation factors, 2) the presence of an
antibody to a blood component that constitutes the blood
coagulation system, 3) the presence of an antibody to a
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component 1n the reagent for blood coagulation time mea-
surement, 4) the presence of an antibody to a complex of a
blood component that constitutes the blood coagulation
system and a component in the reagent for blood coagulation
time measurement, and 5) administration of a drug that
inhibits the blood coagulation reaction.

However, simply performing the measurement of the
blood coagulation time does not enable discriminating
whether the cause of the prolongation of the coagulation
time 1s, for example, a decrease in the blood coagulation
activity due to simple deficiency of coagulation factors, or a
decrease 1n the blood coagulation activity due to inhibition
of the coagulation reaction by an antibody (inhibitor) to a
component that constitutes the blood coagulation system or
a component 1n the reagent for blood coagulation time
measurement. On the other hand, since the therapeutic
policy varies with the difference in the relevant cause of
prolongation, discrimination of the cause of prolongation 1s
important. Thus, there has been a blood coagulation correc-
tion test (hereinaiter, also may be referred to as “blending
test” or “mixing test”) in which for the purpose of determi-
nation of the cause of prolongation, normal plasma 1s added
to a test plasma, and the extent to which the blood coagu-
lation time of the test plasma 1s corrected (normalized) 1s
plotted into a graph to determine the cause (Non-Patent
Document 1).

Conventionally, the mixing test has been carried out, for
example, 1 the manner described below.

Samples are prepared by adding and mixing normal
plasma to a test plasma such that the mixing proportions of
the normal plasma are 0%, 20%, 50%, 80% and 100%, and
the APT'T 1s measured. The results are plotted into a graph
(horizontal axis: proportion of normal plasma mcorporated
or the proportion (%) of the test plasma, vertical axis:
coagulation time (seconds)), and the cause of prolongation
of the coagulation time 1s visually discriminated and deter-
mined from the shape of the graph. For example, when the
test plasma 1s coagulation factor-deficient, the addition of a
small amount of normal plasma (20% 1n FIG. 1(A)) signifi-
cantly shortens the coagulation time so that the coagulation
time approaches close to the value obtainable when 100%
normal plasma 1s measured. Theretfore, the graph shows a
downward convex curve below a straight line (dotted line)
that connects the points corresponding to 100% test plasma
and 100% normal plasma (FIG. 1(A)).

When a coagulation factor inhibitor 1s present 1n a test
plasma, the relevant coagulation factor inhibitor 1nactivates
coagulation factors in the added normal plasma, even though
the proportion of addition of normal plasma 1s increased.
Therefore, the extent of improvement in the coagulation
time due to the addition of normal plasma 1s low, and a curve
that 1s convex upward 1s shown (FIG. 1(B)).

As a coagulation factor inhibitor which aflects the sensi-
tivity of the reagent for blood coagulation time measure-
ment, lupus anticoagulant (heremafter, LA) 1s known. LA 1s
defined as an immunoglobulin which inhibits a phospho-
lipid-dependent coagulation reaction 1n vitro without inhib-
iting the activity of individual coagulation factors, and 1s not
a single antibody. Since the presence of phospholipids 1s
essential to the coagulation reaction, usually, many of the
reagents for blood coagulation time measurement are rich in
phospholipids. LA reacts with phospholipids 1n the reagents,
thereby consuming these phospholipids, and consequently
inhibits the coagulation reaction to prolong the coagulation
time. Therefore, the results of coagulation tests such as PT
and APTT are often found to be abnormal. However, since
LA varies 1n reaction intensities depending on the type of
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phospholipids (origin, phospholipid composition, and the
like), 1t 1s known that different results of determination on
LA positivity/negativity are obtained depending on the
reagent for blood coagulation time measurement to be used.

DOCUMENT OF RELATED ART

Non-Patent Document

Non-Patent Document 1: Kensa to Gijutsu (Examination and
Technology), Vol. 34, no. 8, August 2006, p. 735-742
Non-Patent Document 2: Update of the gmidelines for lupus

anticoagulant detection, Journal of Thrombosis and Hae-
mostasis, 7: pp. 1737-1740, 2009

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

Regarding the anticoagulant therapy, heparin that has
prompt eflicacy and can be intravenously administered 1s
used at the time of emergency, and warfarin that 1s a peroral
anticoagulant 1s used for the prevention based on long-term
administration. Between these, warfarin 1s known to sup-
press biosynthesis 1n the liver of Factor II (prothrombin),
Factor VII, Factor IX and Factor X among blood coagulation
factors by antagomizing the action of vitamin K 1n vivo.
Therefore, 1n the cases of warfarin takers, people who sufler
from vitamin K deficiency, or hepatic failure patients (pa-
tients who sufler from hepatic cirrhosis, fulminant hepatitis
or chronic hepatitis, and the like), when conventional meth-
ods for identifying the cause of prolongation of the blood
coagulation time by the mixing test 1s used, 1t 1s not clearly
identified whether the prolongation 1s a prolongation of the
coagulation time based on antiphospholipid antibody such
as LA, or a prolongation of the coagulation time based on the
action of wartarin, deficiency of vitamin K, or deficiency of
the blood coagulation factors based on hepatic failure, and
discrimination of the cause has been diflicult. This problem
becomes more serious 1n the case of patients who receive
warfarin administration and are LA-positive. It 1s because
when LA positivity 1s determined or suspected, and antico-
agulation therapy 1s 1nitiated, LA detection, and monitoring
and tracing of the increase and decrease of LA are important,
but these cannot be conducted accurately.

It 1s recommended by the International Society on Throm-
bosis and Haemostasis (ISTH) that at the time of LA
detection, measurement be made after the test plasma 1is
mixed with an equal amount of a healthy person’s plasma in
order to supplement any insuilicient coagulation factors.
Here, regarding the healthy person’s plasma thus used,
plasmas that have been subjected to double centrifugation so
that the number of blood platelets is less than 10’/mL, and
have been conditioned such that the activity of all of the
blood coagulation factors 1s almost 100%, are prepared
in-house 1n various facilities and used (Non-Patent Docu-
ment 2). However, among the blood coagulation factors,
there are factors which have very unstable activity and are
prone to be 1nactivated. Thus, 1t 1s very diflicult to prepare
such a healthy person’s plasma while maintaining the activ-
ity of all the blood coagulation factors to be almost 100%,
and there 1s a problem that stable acquisition thereof 1s not
casy. Furthermore, 1n the preparation of a healthy person’s
plasma, as the number of people whose plasmas are stored
(pooled) and mixed increases, the variations 1n individuals
of the activity of the coagulation factors can be averaged.
However, the required number of healthy people cannot be
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4

secured 1n some facilities, and since deviations occur in the
plasma suppliers, there 1s a problem that differences 1n the
product quality may occur among diflerent batches. Further-
more, in the method of using a healthy person’s plasma, not
only the LA 1n the test plasma 1s diluted, but also substances
that inhibit the measurement of LA contained in the healthy
person’s plasma (phospholipids, platelet-derived disrupted
membranes, and the like) may be incorporated. Particularly
in the case where LA 1s weakly positive, there 1s a problem
that there 1s a possibility of false negativity being detected.

Therefore, there has been a strong demand for the devel-
opment of a method of measuring the blood coagulation
time, 1 which even for warfarin takers, people who sufler
from vitamin K deficiency, or hepatic failure patients, LA
detection can be carried out easily with high sensitivity as
compared with the method recommended by the ISTH as
described above, without being affected by deficiency of the
blood coagulation factors.

Means for Solving Problem

The 1inventors of the present mnvention conducted a thor-
ough 1nvestigation, and as a result, the mnventors found that
when the blood coagulation time 1s measured after a specific
blood coagulation factor 1s added to a sample to be tested
(for example, plasma), the blood coagulation time for detec-
tion can be measured conveniently and sensitively, even 1f a
healthy person’s plasma 1s not used. Thus, the mventors
completed the present invention.

That 1s, the present mmvention provides a method of
measuring the blood coagulation time for LA detection, the
method including adding a bufler solution composition
containing blood coagulation factors to a blood sample
before measurement or at the time of measurement of the
blood coagulation time, and measuring the blood coagula-
tion time.

Furthermore, the present invention provides an auxiliary
reagent including, as a main ngredient, a bufler solution
composition containing blood coagulation factors, which
auxiliary reagent 1s used in combination with a reagent for
blood coagulation time measurement to detect lupus anti-
coagulant.

Furthermore, the present invention provides a reagent kit
for blood coagulation time measurement to detect lupus
anticoagulant, the reagent kit containing the following (A)
and (B):

(A) a reagent for activated partial thromboplastin time
measurement or a reagent for diluted Russell’s viper venom
time measurement; and

(B) an auxiliary reagent containing, as a main ingredient,
a bufler solution composition containing blood coagulation
factors.

Fftect of the Invention

According to the method of the present invention, even 1n
the case where vitamin K-dependent coagulation factors
(FII, FVII, FIX and FX) are deficient, for example, 1n blood
samples derived from warfarin takers, people who suiler
from vitamin K deficiency, or hepatic failure patients (pa-
tients who sufler from hepatic cirrhosis, acute hepatitis or
chronic hepatitis, and the like), the presence or absence of
LA can be checked conveniently and sensitively. Therefore,
right therapeutic policies for patients with LA can be deter-
mined. Furthermore, since 1t 1s not necessary to prepare a
healthy person’s plasma, the problem that there are differ-
ences among different batches of healthy persons’ plasmas,
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which has been hitherto problematic, and the problem that
stable acquisition 1s dificult, can also be solved. Further-
more, what should be specially mentioned for the method of
the present invention 1s that LA, for which there has been
hitherto a possibility of being overlooked even by a mixing,
test with a healthy person’s plasma, can be detected conve-
niently and sensitively. This 1s a completely surprising effect
which cannot be predicted 1n the simple 1dea of carrying out
the conventional addition of normal plasma by replacement

and addition of 1individual plasma components.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a model diagram illustrating the results of a
mixing test according to a conventional method. FIG. 1(A)
presents the pattern ol coagulation factor deficiency; FIG.
1(B) presents the pattern of coagulation factor inhibitor type;
and FIG. 1(C) presents the pattern of a case 1n which the
cause of prolongation of the coagulation time 1s unknown.

FIG. 2 1s a diagram 1llustrating the results of a mixing test
in the case of using untreated plasma A and normal plasma-
added plasma A respectively as samples.

FIG. 3 1s a diagram 1llustrating the results of a mixing test
in the case of using untreated plasma B and normal plasma-
added plasma B respectively as samples.

FI1G. 4 1s a diagram 1llustrating the results of a mixing test
in the case of using plasma A to which auxiliary reagents 1
to 4 were added, as samples.

FIG. 5 1s a diagram 1llustrating the results of a mixing test
in the case of using plasma B to which auxiliary reagents 1
to 4 were added, as samples.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The method of measuring the blood coagulation time for
LA detection of the present invention 1s characterized in that
a bufler solution composition containing blood coagulation
tactors 1s added to a blood sample before measurement or at
the time of measurement of the blood coagulation time.

The blood sample that 1s used 1n the method of the present
invention 1s preferably whole blood or plasma, and usually,
the blood sample 1s prepared by adding an anticoagulant
such as sodium citrate to the blood collected from a subject.
Among such blood samples, 1n the case of dealing with
blood samples derived from those subjects for whom con-
ventional LA detection has been difficult, the method of the
present invention 1s particularly useful. Examples of such a
blood sample include blood samples dertved from warfarin
takers, people who sufler from vitamin K deficiency, and
hepatic failure patients.

Regarding the means of measuring the blood coagulation
time, that 1s, the reagent for blood coagulation time mea-
surement, any phospholipid-dependent reagent or measuring
means both for blood coagulation time measurement and
exhibiting sensitivity to LA may be used, and any known
reagent of measuring the prothrombin time (PT), activated
partial thromboplastin time (APTT), diluted PT (dPT),
diluted APTT (dAPTT), kaolin clotting time (KCT), diluted
Russell’s viper venom time (dRVVT) and the like can be
used. Among these reagents, for example, the main compo-
nents of the reagent for measuring the prothrombin time
(PT) are calcium and tissue thromboplastin; the main com-
ponents of the reagent ol measuring the activated partial
thromboplastin time (AP1T) are phospholipids, contact fac-
tor-activating agents (negatively charged bodies such as
kaolin, anhydrous silicic acid, and ellagic acid) and calcium;
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6

the main components of the reagent of measuring the kaolin
clotting time (KCT) are kaolin and calcium; and the main
components of the reagent of measuring the diluted Rus-
sell’s viper venom time (dRVV'T) are Russell’s viper venom
and phospholipids. These components can be used as appro-
priately independent reagents, or as mixed reagents. Also,
for the reagents described above, commercially available
products can be used 1n all cases. Examples of the reagents
for P'T measurement that are commercially available include
COAGPIA (registered trademark) PT-S (manufactured by
SEKISUI MEDICAL CO., L'TD.), THROMBOCHECK PT
PLUS (manufactured by Sysnlex Corp.), and STA Reagent
Series PT (manufactured by Roche Diagnostics GmbH).
Examples of the reagents for APTT measurement that are

commercially available include COAGPIA (registered
trademark) APTT-N (manufactured by SEKISUI MEDI-

CAL CO., LTD.), THROMBOCHECK APTT-SLA (manu-
factured by Sysmex Corp.), APTT Liqud RD and PTT LA
reagent “RD” (manufactured by Roche Diagnostics GmbH).
Examples of the form of the reagent include a dried form
that 1s dissolved at the time of use, and a solution form.

One or more of these reagents and the builer solution
composition containing blood coagulation factors (auxiliary
reagent) of the present invention can also be combined 1nto
a kat.

Among these reagents for blood coagulation time mea-
surement, PT, APTT or dRVVT 1s preferred from the view-
point of the sensitivity of LA detection. Furthermore, in the
case of measuring the PT or APTT, 1t 1s preferable to employ
a mixing test using normal plasma and a test plasma. In the
case ol measuring the dRVV'T, a mixing test does not have
to be particularly carried out.

Regarding the bufler solution composition containing
blood coagulation factors that 1s used in the present inven-
tion, a buller solution composition containing at least one of
the blood coagulation factors that are considered to be
deficient 1n the blood sample to be tested may be used. The
bufler solution composition 1s preferably a bufler solution
composition containing one kind or two or more kinds
selected from FII, FVII, FVIII, FIX, FX, FXI and FXII, and
more preferably a builer solution composition containing at
least one kind or two or more kinds selected from FII, FVII,
FIX, and FX. Furthermore, in the case of measuring the PT,
a bufler solution containing one kind or two or more kinds
selected from FII, FVII and FX 1s preferred. In the case of
measuring the APTT, a buller solution composition contain-
ing one kind or two or more kinds selected from FII, FVIII,
FIX, FX, FXI, and FXII 1s preferred, and particularly, a
bufler solution composition containing one kind or two or
more kinds selected from FIX and FX 1s prefen'ed Further-
more, in the case ol measuring the dRVVT, a bufler solution
composition containing one kind or two or more kinds
selected from FII and FX 1s preferred. In the case where
when the bufler solution composition of the present mven-
tion 1s added to a sample to be tested, the sample 1s diluted
by the bufler solution composition, and the blood coagula-
tion factor concentration in the sample 1s decreased to
thereby aflect the coagulation time, blood coagulation fac-
tors that need to be supplemented 1n accordance with the
reagent used may be incorporated into the bufler solution
composition described above. For example, FVIII, FXI, and
FXII may be incorporated for the APTT, dAPTT, and KCT;
FVII may be incorporated for the PT; and FX may be
incorporated for the dRVVT.

Here, as the buffer solution, a known bufler solution such
as a good bufler solution such as HEPES can be appropri-
ately used. The pH of the bufler solution may be any pH that
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does not deactivate the blood coagulation factors contained
in the bufler solution composition, and the pH 1s preferably
pH 6 to 9, and more preferably pH 6.5 to 8.0. Furthermore,
the concentration of the butler solution may be any concen-
tration as long as the bullering capacity during storage 1s
maintained, and the concentration is preferably 5 mM to 100
mM, and more preferably 5 mM to 50 mM.

The concentration of blood coagulation factors in the
butler solution composition is, as the concentration of blood
coagulation factors after the bufler solution composition has
been added to a blood sample, preferably 1n the range o1 0.01
U/mL to 10 U/mL, and more preferably in the range of 0.1
U/mL to 5 U/mL. The mixing ratio of the blood sample and
the builer solution composition may be appropriately set in
consideration of the concentration of blood coagulation
factors 1n the buller solution composition. The dilution ratio
of the blood sample by the bufler solution composition 1s
preferably 3 times or less, and more preferably 2 times or
less.

Furthermore, 1n the bufler solution composition, a com-
pound known as a stabilizer for the blood coagulation
factors may also be appropnately added. For example,
glycylglycine, glycylglycylglycine, and the like that are
disclosed 1n Japanese Patent Application Publication (JP-B)
No. 06-050999 may be added. Furthermore, a preservative,
an 1on intensity adjusting agent, and the like may also be
added as long as the efiects of the present invention are not
impaired.

In the method of the present invention, a butler solution
composition containing the blood coagulation factors is
added to a blood sample before measurement or at the time
of measurement of the blood coagulation time. Here, adding
the buller solution composition before the measurement of
the blood coagulation time corresponds to a pretreatment of
the blood sample. That 1s, the builer solution composition 1s
added to a blood sample to pretreat the blood sample, and
then the blood coagulation time 1s measured using a reagent
for blood coagulation measurement. On the other hand,
adding the bufler solution composition at the time of mea-
surement of the blood coagulatlon time corresponds to a
process of adding the bufler solution composition to a
portion of the reagent for blood coagulation measurement
and measuring the blood coagulation time. Between these
timings of addition, 1t 1s preferable to add the butl

er solution
composition to the blood sample before the measurement of
the blood coagulation time, from the viewpoint that storage
stability of the coagulation factors incorporated 1n the builer
solution composition 1s easily secured.

Regarding the method of measuring the blood coagulation
time, for example, a method of detecting coagulation by
measuring an optical change such as a change in transmitted
light or a change in scattered light, which changes along
with a blood coagulation reaction that occurs as a result of
adding a reagent containing calcium and phospholipids
(reagent for blood coagulation time measurement) to a blood
sample, or by physically measuring the viscosity of the
measurement sample, can be suitably used.

Regarding calcium, it 1s preferable to use a salt between
an morganic acid and calcium. Examples of such a calcium
salt include calctum chloride. Furthermore, examples of a
calcium salt other than a salt between an inorganic acid and
calcium 1nclude calcium lactate. The concentration of cal-
cium 1n the reagent for blood coagulation time measurement
can be appropriately set according to the kind of the method
of measuring the blood coagulation time. For example, 1n
the case of the APTT measurement method, the concentra-
tion of calcium 1s preferably about 20 mM to 25 mM, and
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in the case of the PT measurement method, the concentration
of calcium 1s preferably 10 mM to 12.5 mM.

Regarding phosphohplds phospholipids that have been
hitherto used in reagents for blood coagulation time mea-
surement can be suitably used. There are no particular
limitations on the fatty acid side chains of the phospholipids,
but palmitic acid, oleic acid, and stearic acid are preferred.
Examples of the phospholipids include phosphatidylserine,
phosphatidylethanolamine, and phosphatidylchloline. Fur-
thermore, the phospholipids may be naturally occurring
phospholipids such as bovine brain-derived, rabbit brain-
derived, human placenta-derived, and soybean-derived
phospholipids, or may be phospholipids produced by genetic
engineering. The concentration of phospholipids 1n a mea-
surement sample 1s preferably, for example, 1 ug/mL to 200
ug/mL m an APTT reagent, 10 ug/mL to 300 ug/ml 1n a PT
reagent, and 1 ug/mL to 300 ng/mL 1n a dARVVT measuring
reagent.

The pH of the reagent for blood coagulation time mea-
surement can be appropriately set 1n consideration of the pH
at the time when the reagent 1s mixed with the buller
solution composition of the present invention; however, the
pH of the reagent for measurement 1tself 1s preferably pH 6.0
to 8.0, and more preterably pH 7.0 to 7.6. The pH can be
appropriately regulated using a bufler agent that 1s used 1n
conventional reagents for blood coagulation time measure-
ment. Examples of the builer agent include HEPES and
TRIS, but the examples are not limited to these.

The reagent for blood coagulation time measurement may
contain a component that 1s contained 1n conventionally
known reagents for blood coagulation time measurement, in
addition to the components described above. Examples of
such a component include an activating agent, snake venom,
and tissue factors. Examples of the activating agent include
cllagic acid, kaolin, Celite, colloidal silica, anhydrous silicic
acid, alumina, and magnesium. Examples of the snake
venom 1nclude Russell’s viper venom, Textarin snake
venom, and Ecarin snake venom. Examples of the tissue
factors include natural tissue thromboplastins such as rabbit
brain-dertived, human placenta-derived, and bovine brain-
derived tissue thromboplastins; and genetically recombined
tissue thromboplastin.

The method of the present invention can also be applied
to the blood coagulation correction test (mixing test)
described 1n Non-Patent Document 1. That 1s, the method
can be applied to a method of adding a normal blood sample
to a blood sample to be tested, and determining the extent to
which the blood coagulation time 1s corrected, by plotting a
graph.

More particularly, for example, a plasma sample diluted
by adding Pooled Normal Plasma (manufactured by Preci-
sion Biologic, Inc.; hereinafter, abbreviated to PNP) as
normal plasma or the bufler solution composition of the
present invention to the test plasma at 1:1, 1s used as a
sample to be tested. Samples were prepared by adding
normal plasma to this sample to be tested, and mixing this
sample to be tested with the normal plasma such that the
proportions of the normal plasma are 0%, 20%, 50%, 80%,
and 100%, and measurement of the APTT 1s carried out. The
results are plotted into a graph (horizontal axis: proportion
of normal plasma mixed, or proportion of the test plasma
(%); vertical axis: coagulation time (seconds)), and the
blood coagulation time can be visually determined from the
shape of the graph.

When the method of the present invention 1s used, it 1s
simply required to carry out the conventional measurement
of the blood coagulation time, except that merely the butler
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solution composition described above 1s added, and thereby
the presence or absence of LA can be accurately detected
and determined even with a blood sample derived from a
warlarin taker, a person who suflers from vitamin K defi-
ciency, or a hepatic failure patient.

The bufler solution composition containing blood coagu-
lation factors can be used as an auxiliary reagent that 1s used
in combination with a reagent for blood coagulation time
measurement to detect lupus anticoagulant.

Furthermore, a combination of (A) a reagent for activated
partial thromboplastin time measurement or a reagent for
diluted Russell’s viper venom time measurement, with (B)
an auxiliary reagent including a bufler solution composition
containing blood coagulation factors as a main ingredient, 1s
uselul as a reagent kit for blood coagulation time measure-
ment to detect lupus anticoagulant.

EXAMPLES

The present invention will be described 1n more detail by
way of the following Examples, but the present invention 1s
not intended to be limited to the following Examples.

Example 1

A test plasma was diluted with each of the auxiliary
reagents described 1n Table 1 at 1:1, and the mixtures were
used as samples to carry out a conventional mixing test. A
comparison was made between the shapes of curve 1n the
graphs.

<Measurement Item>

(1) APTT Screening Test
Measurement was carried out using a P1T LA reagent,

“RD” (manufactured by Roche Diagnostics GmbH), and an
automatic blood coagulation analyzer, STA-R (manufac-
tured by Roche Diagnostics GmbH). For determination, the
cut-oil value described in the package insert of the reagent
was used. The relevant reagent 1s a reagent for carrying out
the measurement using a self-made calcium chloride solu-
tion, apart from a PTT LA reagent containing cephalin
which 1s a phospholipid, and silica which 1s a contact factor
activating agent (negatively charged body). The reagent can
be used for the method of the present mnvention in combi-
nation with the bufler solution composition contaiming blood
coagulation factors (auxiliary reagent) of the present inven-

tion.

(2) dRVVT Test

Measurement was carried out using LA Test “GRADI-
PORE” (manufactured by Medical & Biological Laborato-
ries Co., Ltd.) and an automatic blood coagulation analyzer,
STA-R. For determination, the cut-off value described 1n the
package insert of the reagent was used. The relevant reagent
1s composed of Reagent 1 containing Russell’s viper venom
and phospholipids, and Reagent 2 containing Russell’s viper
venom and an excess amount ol phospholipids, and the
reagent can be used for the method of the present invention
in combination with the bufler solution composition con-
taining blood coagulation factors (auxiliary reagent) of the
present mvention.

(3) Phospholipid Neutralization Test

Measurement was carried out using STACLOT LA
(manufactured by Roche Diagnostics GmbH) reagent and a
blood coagulation analyzer, ST4 (manufactured by Roche
Diagnostics GmbH). For determination, the cut-ofl value
described in the package insert of the reagent was used.
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(4) Mixing Test
Measurement was carried out using a PT'T LA reagent,

“RD” (manufactured by Roche Diagnostics GmbH), and an

automatic blood coagulation analyzer, CP2000 (manufac-
tured by SEKISUI MEDICAL CO., LTD.). As normal
asma (hereinafter, PNP; Precision

plasma, Pooled Normal Pl
Biologic, Inc.) was used. The sample mixing proportion was
set to 0%, 10%, 20%, 50% and 100%, and measurement was
carried out by automatically diluting the sample using the
mixing test function of CP2000. Determination was made
such that a graph was drawn, and 1f the graph was convex
upward, the sample was determined to be LA-positive. IT

determination was diflicult, 1t was considered as pending

determination.

(5) Modification of Mixing Test

Measurement was carried out in the same manner as in
(4), by inserting samples obtained by diluting a test plasma
with PNP or auxiliary reagents 1 to 4 that will be described
below at a ratio of 1:1, into sample cups, and mounting the
sample cups 1n CP2000. Determination was made such that
a graph was drawn, and 1f the graph was convex upward, the

sample was determined to be LA-positive. If determination

was diflicult, it was considered as pending determination.

<Bufler Solution Composition of Present Invention: Aux-
iliary Reagent>

Various auxiliary reagents were prepared by adding the
blood coagulation factors indicated in Table 1 to HBS (50
mM HEPES pH 7.5, and 150 mM sodium chloride) as a
base. For the blood coagulation factors, products manufac-
tured by Haematologic Technologies, Inc. were used 1n all
cases.

TABLE 1
Auxiliary reagent composition
Human Factor = Human = Human Factor Human Factor

IX Factor X XII VIII
Auxiliary 2 U/mL 2 U/mL - -
reagent 1
Auxiliary 2 U/mL 2 U/mL — 1 U/mL
reagent 2
Auxiliary 2 U/mL 2 U/mL 2 U/mL —
reagent 3
Auxiliary 2 U/mL 2 U/mL 2 U/mL 1 U/mL
reagent 4

Auxiliary Reagent Composition
<Test Plasma>

Test plasmas A and B are both plasmas collected from
patients who receive warfarin administration.

<Results>

As shown 1n Table 2, plasma A was positive 1n all of the
LA examinations including the APTT screening test, the
dRVVT test, and the phospholipid neutralization method.

Plasma B was positive for LA i the APTT screening test
and the dRVVT test.
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TABL

L1

2

Results and determination of LA test

12

[tem APTT screening dRVVT

Unit sec  Determination  sec sec  Ratio Determination
Cut-off 47 1.3

value

Plasma A 143.0 Positive 2204 82,5 2.67 Positive
Plasma B 574 Positive 779 548 142 Positive

As indicated 1n the rows for Untreated in Table 3, the left

Phospholipid neutralization

method
sec sec Asec Determination
8
132.0 86.0 46.0 Positive
4777 478 -0.1 Negative

by the conventional mixing test or a modification of the

diagram 1n FIG. 2, and the left diagram 1n FIG. 3, plasmas 15 mixing test. Furthermore, plasma B was positive in the
A and B both showed a tendency of being convex downward APTT screening test and the dRVVT test, but it was deter-
in the mixing test, and were determined to be L A-negative. mined that the determination was false positive in all cases
Among the modifications of the mixing test, in the method due to warfarin administration, and was actually LA-nega-
of using normal plasma (PNP) that 1s generally recom- tive.
mended, plasma A gave an S-shaped graph which was 20
almost close to a straight line, and 1t was diflicult to Example 2
determine whether the curve was convex upward or convex
downward (1n the row of Normal plasma added 1in Table 3, 0.5 volume of the auxiliary reagent described below was
and the right diagram 1n FIG. 2). On the contrary, when the added to 9.5 volume of a test plasma, and the components
auxiliary reagents 1 to 4 of the present invention were used, 25 were mixed to prepare a measurement sample. Thus the
plasma A gave graphs that were clearly convex upward, and sample was subjected to the dRVV'T test, and thus the ratio
thus 1t was easily determined to be positive (in the rows for ol coagulation time was determined.
Auxihary reagents 1n Table 3, and FIG. 4). Plasma B gave <Measurement Item>
graphs that were clearly convex downward, and it was (1) dRVVT Test
determined to be negative (in the column of Auxiliary 30 A dRVVT test was carried out using DV Vtest (registered
reagent 1n Table 3, and FIG. 5). trademark) and DV Vconfirm (all manufactured by Sekisui
TABLE 3
Mixing test and modification of mixing test
Sample

Sample proportion
Test plasma  Treatment Determination 0% 10% 20% 50% 100%
Plasma A Untreated Negative 34.1 494 574 R8B2 166.1

Normal plasma Pending 34.6 434 47.3 60.0 RTS8

added determination

Auxiliary Positive 34.2 45.1 46.6 552 73.8

reagent 1 added

Auxiliary Positive 34.2 424 437 464 46.0

reagent 2

added

Auxiliary Positive 34.2 442 459 538 713

reagent 3

added

Auxiliary Positive 34.2 414 41.9 42.6 42.2

reagent 4

added
Plasma B Untreated Negative 344 353 364 403 56.6

Normal plasma Negative 33.2 33.6 33.9 359 397

added

Auxiliary Negative 34.1 33.6 340 358 47.0

reagent 1 added

Auxiliary Negative 34.1 335 326 315 3350

reagent 2

added

Auxiliary Negative 34.1 33.2 33.2 324 373

reagent 3

added

Auxiliary Negative 34.1 32.1 30,7 27.6 28.6

reagent 4

added

According to the present imnvention, 1t was easily deter- Diagnostics, LLC) as reagents for blood coagulation time

mined that the determination of negativity in the mixing test 65 measurement, and using an incubation time for the mea-

of plasma A was false negative due to warfarin administra-
tion, and was actually LA-positive. This could not be found

surement sample of 216 seconds and the APTT coagulation
point parameters i an automatic blood coagulation ana-
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lyzer, CP2000 (manufactured by SEKISUI MEDICAL CO.,
LTD.). The cut-off value (t/c) 1n the present Example was set
to 1.3 or less, and detection and determination of LA was
carried out. The relevant reagents were composed of
DVVtest (registered trademark) reagent containing Rus-
sell’s viper venom, phospholipids and calctum, and
DVVconfirm reagent containing Russell’s viper venom, an
excess amount of phospholipids, and calcium. The reagents
can be used in the method of the present invention 1n
combination with the bufler solution composition containing
blood coagulation factors (auxiliary reagent) of the present
invention.

<Bufler Solution Composition of Present Invention: Aux-
iliary Reagent>

FX and FII were combined such that the concentration of
FX would be 20 times the concentration described in the row
of Table 4, and the concentration of FII would be 20 times
the concentration described 1n the column of Table 4, and the
factors were dissolved in HBS to prepare 28 diflerent

auxiliary reagents. For FX and FII, products of Haemato-
logic Technologies, Inc. were used.

<Test Plasma>

As a LA-negative plasma without warfarin administra-
tion: L(-)W(-) plasma, AK CALIBRANT A (manufactured
by Sysmex Corp.) was used; as a LA-negative plasma with
warfarin admiistration: L{(-)W(+) plasma, AK CALI-
BRANT D (manufactured by Sysmex Corp.) was used; as a
LA-positive plasma without warfarin administration: L(+)
W(-) plasma, Lupus Anticoagulant Plasma (manufactured
by Trina Bioreactives AG) was used; and as a LA-positive
plasma with warfarin administration: L{(+)W(-) plasma,
Lupus anticoagulant plasma (manufactured by Busicom,
Inc.) was used.

<Results>

The results are presented 1n Table 4.

When none of FII and FX are not added (0 U/mL), 1t 1s
determined such that:

the plasma of L(-)W(-) 1s LA-negative;

the plasma of L(-)W(+) 1s LA-negative;
the plasma of L(+)W(-) 1s LA-positive; and
the plasma of L(+)W(+) 1s LA-negative, and

results of LA false negativity were obtained for the plasma
of L(+)W(+).

Furthermore, the plasma of L(-)W(+) was LA-negative,
but the t/c value was 0.62, which was an abnormal value.

In this regard, when any one or more of FII and FX was
added to various test plasmas, only the t/c value of the
plasma of L(+)W(+) was 1ncreased to a value higher than or
equal to the cut-off value, while maintaining the determina-
tion results for the plasma of L{(-)W(-), the plasma of
L(-)W(+), and the plasma of L(+)W(-). Thus, results of LA

positivity that should be obtained were obtained.

Furthermore, when any one or more of FII and FX was
added to the plasma of L(-)W(+), the t/c value approached
close to 1, and 1t was confirmed that the influence of warfarin
administration could be reduced. When this score and the
score of the plasma of L(+)W(+) are taken into consider-
ation, 1t 1s 1mplied that the dRVVT test using the method of
the present invention can accurately detect LA even 1n the
case of warfarin being administered. Thus, the method of the
present mvention 1s very useful in, for example, the moni-
toring of the LA therapeutic effect during warfarin admin-
1stration.
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TABLE 4
FII (U/mL)
0 0.1 0.2 0.3 0.4 0.5
FX (UmL) LA W t/c t/c t/'c t/c t/'c t/c
0 — — 1.04 1.14
— + 0.62 0.86
+ — 2.21 2.16
+ + 1.26 2.22
0.1 — — 1.06 1.08 1.07 1.09 1.11
— + 0.84 090 091 094  0.97
+ — 231 233 236 236 2.37
+ + 1.95 221 235 240 2.43
0.2 — — 1.09 1.11 1.12 1.11 1.07
— + 0.88 0.92 0.90 0.93 0.94
+ — 236 243 241 242 2.28
+ + 2.10 239 237 254  2.09
0.3 — — .11 1.12 1.11 1.12 1.12
— + 0.89 098 0.93 0.97 0.99
+ — 237 246 244 243 2.43
+ + 205 239 240 247 2.51
0.4 — — 1.11  1.11 1.13 1.14 1.14
— + 0.87 094 096 0.99 1.03
+ — 245 248 248 247 2.46
+ + 2.13 230 249 259 2.58
0.5 — — 1.11  1.10 1.12 1.12 1.14 1.14
— + 098 097 088 095 1.00 1.02
+ — 2.35 235 237 246 247 2.45
+ + 2.06 199 220 243 257 2.65

According to the method of the present invention, even
when the plasma of a (+) subject who was sometimes
determined to be LA-negative (false negative) by dRVVT
test, but 1s LA-positive (+) and also receives warfarin
administration (+) (plasma of L{(+)W(+)) was measured, the
correct determination, 1.e. LA-positive, was made without
being affected by warfarin admainistration.

The mvention claimed 1s:

1. A method of measuring a blood coagulation time to
detect a lupus anticoagulant, the method comprising

adding composition comprising at least one blood coagu-

lation factor to a blood or plasma sample obtained from

a subject, wherein the blood or plasma 1s diluted by the

composition at a dilution ratio of 3 times or less,

wherein the at least one blood coagulation factor is

selected from the group consisting of FII, FV, FVII,

FVIII, FIX, FX, FXI and FXII,

herein the composition 1s not a plasma or blood sample,

herein the composition comprises the blood coagulation

factor 1n an amount of 0.01 U/ml to 10 U/ml and at least

one of 4-(2-hydroxyethyl)-1-piperazineethanesulionic

acid (HEPES) and tris(hydroxymethyl)aminomethane

(Tris); and

wherein the composition 1s buflered at a pH of from 6 to
9: and
measuring, with a reagent for measuring prothrombin

time, activated partial thromboplastin time, or a diluted
Russel’s viper venom time by optical measurement or
based on a change in viscosity, the blood coagulation
time of (A) the blood or plasma sample to which the
composition 1s added and (B) a dilution of the blood or
plasma sample to which the composition 1s added to
determine the blood coagulation time and the presence
of the lupus anticoagulant.

2. The method of claim 1, wherein the blood or plasma
sample 1s whole blood or plasma.

3. The method of claim 1, wherein the composition
buflered at a pH of from 6 to 9 i1s added to the blood or
plasma sample before the measurement of the blood coagu-
lation time.

g =
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4. The method of claim 1, wherein measuring the blood
coagulation time comprising measuring an activated partial
thromboplastin time or a diluted Russell’s viper venom time.

5. The method of claim 1, comprising adding the com-
position comprising a blood coagulation factor to the blood
sample and the blood sample 1s whole blood.

6. The method of claim 1, comprising adding the com-
position comprising a blood coagulation factor to the plasma
sample.

7. The method of claim 1, wherein the composition
buflered at a pH of from 6 to 9 1s added to the blood or
plasma sample at the time of measurement of the blood
coagulation time.

8. The detection method according to claim 1, wherein the
at least one blood coagulation factors 1s FII.

9. The detection method according to claim 8, further
comprising a second blood coagulation factor that 1s FX.

10. The detection method according to claim 9, further
comprising a second blood coagulation factor that 1s FIX.

11. The detection method according to claim 1, wherein
the at least one blood coagulation 1s FIX.
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12. The detection method according to claim 1, wherein
the at least one blood coagulation factor 1s FX.

13. The detection method according to claim 12, further
comprising a second blood coagulation factor that 1s FX.

14. The detection method according to claim 4, wherein
the measuring of the blood coagulation time comprises
measuring activated thromboplastin time.

15. The detection method according to claim 4, wherein
the measuring of the blood coagulation time comprises a
diluted Russell’s viper venom time.

16. The detection method according to claim 1, wherein
the composition comprises the blood coagulation factor in
an amount of 0.1 to 5 U/ml.

17. The detection method according to claim 1, wherein
the composition comprises a HEPES bufler.

18. The detection method according to claim 1, wherein
the subject has been given warfarin or heparin before
measurement or at a time of measurement of the blood
coagulation time.
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